
1: COCA {low affinity endogenous agonist) 2: TTNPB (low affinity agonist; EC 50 > 1 j-iM) 

Figure 1. Natural and synthetic agonists of FXfl (farnesoid X receptor). * CeH based assay. 




3: GW 4064 {high. affinity agonist; HC S0 = 80 nM) a 



FIG. 1 



a. Initial high throughput leads. 





Selected hits from a high throughput screen (or FXR agonism of a 10,000-membered benzopyran-based natural product-like library 
(EC S0 = S-10 nM). b) Selected tow affinity FXR agonists from follow-up solid phase benzopyran library (ECjo = 5-10 \iM). See Figure 3 for 
details of the focused library synthesis. The boxed compounds represent the most potent FXR agonists. 
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Solid-phase synthesis of a focused library of benzopyran containing small molecules as potential FXR agonists. 3 
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'Panel a) solid-phase protocol. Panel b) o-prenylated phenols employed as scaffolds. Panel c) Electrophiles employed. Panel d) Amines employed. 
Reagents and conditions: See reference 21. 



FIG. 3 



Region II 
OMe O 

■ Region III. t^J W' 

Selected regions of interest for SAR evaluation of 
lead compound 26. Region I: Right-hand aromatic system; 
Region II: Acyi group region; Region HI: Left-hand 
benzopyran ring system. 



Modifications of region I 
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. Examination of Region I SAR. See Figures; 6, 7, 9 and 11 for a description of the synthesis of these compounds. 

* 8en2opyran double bond is also saturated in ihts compound. Boxed compounds represent the most potent 

FXR agonists. 



Representative procedure for the preparation of Region I- 
modified compounds: synthesis of methyi acrylate 29. a 
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d. 3-bromoaniline, 
then NaCNBH 3 

e. C 3 H 5 COCI t 
Et 3 N, 4-OMAP 

f. methyl acryiate, 
Pd 2 (dba) 3 . 
P(ckIoI) 3 , Et 3 N 

^C0 2 Me 

a Reagents and conditions: (a) see reference 28: (b) 1.5 of equiv 

2- methyl-3«butyn-2-ol, 1,5 equiv of DBU. 1.7 equiv trifluoroacetic 
anhydride, 0.1 equiv of CuCI 2 . CH 3 CN 0 25°C.12 h. 75%; (c) 
/V./V-dielhytaniiine, 190°C, 0.5 h, 90%; (d) 1.5 equiv of 

3- bromoaniline , THF, 70°C. 4h; then 2.0 equiv of NaCNBH 3 , 10% 
MeOH, 70°C. 4h, 83%; (e) 1.3 equiv of cycJopropanecarbonyl chloride, 
1.3 equiv of Et 3 N, 0.1 equiv of 4-DMAP, CH 2 Cl 2 , 25°C. 12 h, 85-95%; 
(f) 4.0 equiv of methyl acrylate, 0.2 equiv of Pd 2 (dba) 3 . 0.5 equiv of 
P(0M0l) 3 , 5.0 equiv of Et 3 N, DMF, 9Q°C, 24 h, 80%. 



Solution phase synthesis of ester and acid containing compounds (SAR region 
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/. 4-bromoaniJine. then NaCNBH 3 
e. cyclopropanecarbonyl chloride, 

Et 3 N, 4-DMAP 
/. methyl acrylate, Pd 2 (dba) 3 , 

Pf>toJ) 3 , Et 3 N. 
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k. 3-bromoaniline. then NaCN8H 3 
e. cyclopropanecarbonyl chloride, 

Et 3 N, 4-DMAP 
/. methyl acrylate, Pd 2 (dba) 3 , 

P(otol) 3 , Et 3 N 



g. methyl 4-(aminomethyl) 
benzoate. then NaCNBH 3 

/. cyciohexanecarbonyl chloride 
fet 3 N, 4-DMAP 
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^Reagents and conditions: (a) see relerence 28; (b) 1.5 equiv of 2-methyl-3-butyn-2-oJ, 1.5 equiv of DBU. 1.7 equiv of tri/Juoroacetic anhydride, 
0.1 equiv of CuCt 2 . CH 3 CN 0 25°C,12 h, 75%; (c) N.rv-diethylaniline. 190*0. 0.5 h, 90%; (d) 1.5 equiv of methyl 4-aminobenzoate. THF. 
70°C,4 h; then 2.0 equiv of NaCNBH 3 . 10% MeOH, 70°C. 4 h, 82%; (e) 1.3 equiv of cyclopropanecarbonyl chloride, 1.3 equiv of Et 3 N. 0.1 equiv 
of 4-DMAP. CH 2 Ct 2 , 25*C, 12 h, 85-95%; (f) 1.5 equiv of ethyt 3-aminobenzoate, THF , 70°C, 4 h; then 2.0 equiv of NaCNBH 3 , 10% MeOH, 
70°C. 4h, 77%; (g) 1.5 equiv of methyl 4-{aminomethyl)benzoate.THF. 70°C. 4h; then 2.0 equiv of NaCNBH 3 .10% MeOH, 70°C, 4h, 80% ; (h) 
4.0 equiv of UOH, THF:H 2 0 (10:1). 25°C. 12 h. 75-98%; (i) 1.5 equiv of 4-bromoaniiine. THF, 70°C, 4h; then 2.0 equiv of NaCNBH 2 , 10% 
MeOH, 70°C. 4h, 78%; 0') 4.0 equiv of methyl acrylate, 0.2 equiv of Pd 2 (dba) 3 , 0.5 equiv of P(o-tol) 3 . 5.0 equiv of El 3 N, DMF, 90°C, 24 h. 
71-80%; (k) 1.5 equiv of 3-bromoaniline. THF. 70°C. 4h; then 2.0 equiv of NaCN8H 3 . 10% 'MeOH, 70°C. 4h. 83%; (I) 1.3 equiv of 
cyciohexanecarbonyl chloride, 1.3 equiv of Et 3 N, 0.1 equiv of 4-DMAP, CH 2 Ci 2 , 25°C. 12 h. 95%. 



Solution phase synthesis of various ester and vinyl cyanide 
containing compounds via palladium catalyzed reaction manilolds (SAR region 
I).' 
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'Reagents and conditions: (a) 2.0 equiv of penta-2,4dienoic acid methyl ester, 
0.2 equiv of Pd 2 (dba) 3 , 0.6 equiv of P(c~tol) 3 . 5.0 equiv of Et 3 N. DMF, 90°C, 24 
h, 70%; (b) 5.0 equiv of 3-(methoxycarbonyiphenyl)boronic acid, 
toluene:MeOH:1M Na 2 C0 3 (10:3:1), 90°C, 24 h. 75%;(c) 5.0 equiv of 
4-{methoxycarbonytphenyl)boronic acid, toluene:MeOH:1M Na 2 C0 3 (10:3:1), 
90*C. 24 h, 78%; (d) 2.0 equiv of 3-vinylbenzaldehyde. 0.2 equiv of Pd 2 (dba) 3 , 
Q.6 equiv of P(o-tol) 3 , 5.0 equiv of Et 3 N, DMF, 90°C, 24 h, 85%; (e) 1.5 equiv of 
HaC\0 2 , 4,0 equiv of . NaH 2 P0 4 , tO.O equiv of 2-methyf-2-butene, 
THF:/-BuOH:H 2 0 (3:1:1). 25 °C, 3 h, 98% ; (f) 10 equiv of CH 2 N 2 , El 2 0. 0°C. 1 
h, 100%; (g) 2.0 equiv of acrylonitrile, 0.2 equiv of Pd 2 (dba) 3 . 0.6 equiv of 
P(o-tol) 3 , 5.0 of El 3 N, OMF. 90°C, 24h. 55%. 



Solution phase synthesis ol ester modifications (SAR region I).* 
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'Reagents and conditions: (a) 0.5 equiv of n-Bu 2 Sn=0, EtOH or f-PrOH, 
25*C. 48 h, 50% and 34%, respectively; (b) 1.2 equiv of dtisobutyl aluminum 
hydride, toluene, -78°C. 0.5 h. 52%; {c) 2.0 equiv of NaH, 3.0 equiv of Mel, 
0°C, 1 h, 95%; (d) 1.2 equiv of MeOC(0)Cl, 2.0 equiv of Et 3 N, 0.1 equiv of 
4-DMAP, CH 2 Cl 2 . 25°C, 24 h, 88%; (e) 1.2 equiv of MeC{0)Cl, 2.0 of equiv 
Et 3 N, 0.1 of equiv 4-OMAP, CH 2 Cl 2 , 25°C, 24 h, 90%; (f) 4.0 equiv of UOH, 
THF:H 2 0 (10:1). 25°C, 12h, 907,; (g) 1.2 equiv of EtOC(0)CI, 1.5 equiv of 
Et 3 N. CH 2 CI 2 . 25 q C,1 h. then 3.0 equiv of amine. CH 2 Ct 2 , 2S-C.12 h. 85-95%; 
<h) 10.0 equiv of CH 2 N 2 , 0.2 of equiv Pd(OAc) 2 , Et 2 0, 25°C, 12 h, 95%. 



. Solution phase synthesis of acyl group variants containing 
the acrylate moiety {SAR region ll). a 
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d. RC(0)Cl, Et 3 N, 
4-OMAP 




'C0 2 Me 



68: X = C. R 1 = H, R 2 = H 
69: X = C. R 1 = Me, R 2 = H 
70: X = C, R 1 = t-Bu, R 



77: X = N. R 1 = H, R 2 = H 
72: XsC, fl 1 = Br, R 2 = H 
73: X a C, R 1 = OMe, R 2 = H 
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Reagents and conditions: (a) 1.0 equiv of 60, 2.0 equiv of 130. THF 
70-C 4 h then 2.0 equiv of NaCNBH 3 . 10% MeOH, 70"C. 4 h, 70%; (b) 1.5 
equiv' of methyl acrylate, 0.2 equiv of Pd 2 (dba) 3 , 0.5 equiv of P(o-tol) 3 , 5.0 
equiv of Et 3 N. DMF, 90«C, 12 h, 6S%; (c) 5.0 equiv of NaHCO a , 5.0 equiv 
of alky! halide. EtOH, 80*C, 24 h, 70-8S%; (d) 5.0 equiv of acid chlor.de, 5.0 
equiv of Et 3 N, 0.2 equiv of 4-OMAP. CH 2 Cl 2 . 25°C. 24 h, 55-100%; (e) 5.0 
equiv of isocyanate, 5.0 equiv of Et 3 N. CH 2 CI 2 . 25'C. 24 h. 75-85%: (f) 5 0 
equiv of thioacid chloride or thioisocyanate, 5.0 equ.v of Et 3 N. CH 2 CI 2 . 
ZS*C. 24h. 50-70%. 
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Solution phase synthesis of benzopyran olefin modifications (SAR 
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. S-19: R 1 = 3r 

.87: R 1 = r-CH=CHC0 2 Me 

'Reagents and conditions: (a) 2.0 equiv of benzoyl chloride, 2.0 equiv of El 3 N, 
0.2 equiv of 4-OMAP, CH 2 CI 2 , 25°C. 24 h, 95%; (b) 10 equiv of DMOO, 
acetone, 0 a C. 1 h, 100%; (c) 5.0 equiv of PhSH, Ambertyst-15 (cat.). CH 2 C1 2 , 
25°C, 24 h; 95%; (d) 2.0 equiv of acetic anhydride, 2.0 equiv of Et 3 N, Q.2 
equiv of 4-OMAP, CH 2 Cl 2 . 25°C, 24 h, 90%; (e) 2.0 equiv of methyl acryiate, 
0.2 equiv of Pd 2 (dba) 3 , 0.6 equiv of P(o-tol) 3 , 5.0 equiv of Et 3 N, OMF, 90"C, 
24 h, 70-84%; (f) 5.0 equiv of piperidine, CH 2 CI 2 . 25*C. 48h. 65%; (g) 5.0 
equiv of H 2 0, Ambertyst-15 (caL). THF . 25°C. 24 h. 95%; (h) 2.0 equiv of 
Et-AICN, CH,CI 2 . 0°C. 1 h. 83%; (i) 40% KOHrMeOH (1:2). 25°C,24 h. 90%. 



Solution phase synthesis of benzopyran olefin modifications 
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c. methyl acrytate i a 
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S-23: R = Br 
02: R 1 = r-CH=CHC0 2 Me 



a Reagents and conditions: (a) 0.02 equiv of Os0 4 , 2.0 equiv of NMO. 
acetone:H 2 0 (10:1). 25°C, 24 h, 85%; (b) 5.0 of equiv acetic anhydride, 10.0 
equiv of Et 3 N. 0.2 equiv of 4-DMAP, CH 2 CI 2 , 25°C. 24 h, 90%; (c) 2.0 equiv 
of methyl acrylate, 0.2 equiv of Pd 2 (dba) 3f 0.6 equiv of P(o-tol) 3 . 5.0 equiv of 
Et 3 N. DMF, 90°C, 24 h, 65-80%; (d) 10% Pd/C, EtOAc, 25»C. 0.5 h, 100% 
(e) CHCI 3 :5p% NaOH (7:1 ), adogen 464 (cat.) 25°C. 6 h. 85%. 



. Synthesis of compound 1 02. Exploration ol region 
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a. CHCI3. NaOH 

b. methyl acrylate 
Pd(0) t P(<Mol) 3 



OMe O 




^Reagents and conditions: (a) CHCI 3 :50% NaOH (7:1). 
adogen 464 (cat.) 25°C, 6 h, 85%; <b) 2.0 equiv 0/ methyl 
acrylate, 0.2 equiv of Pd 2 (dba) 3 . 0.6 equiv of P(o-tol) 3 , 5.0 
equiv of B 3 N, DMF, 90°C. 24 h, 7S%. 
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Solution phase synthesis of region tit analogs; replacement of the 
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a. C 6 H n COCI HN b. P4 2 (<lba) 2 . P{oio\) 2 

Bf B 3 N, 4-OMAP ft ^ 




147: R = methyl 
110: R = benzyl 
111: R = 2- napthyl 

114: R = 2-bromobenzyl X^S^K^OMe X^^^\^OMe 
115: R s 3-bromobenzyl 
116: R = 4-bromobenzyl 
143:.R = 4-fert-butylbenzyl 
115: R = 3-methoxybenzyl 
' 1 1 8: R s 3,5-dimethoxybenzyl 
117: R - 3-(tri!iuromethyl)benzyl 

^Reagents and conditions: (a) 1.1 equiv of C 6 H t1 COCl, 1.3 equiv of Et 3 N, 0.05 
equiv of 4-DMAP, CH 2 CI 2 , 25°C, 3 h. 95%; (b) 4.0 equiv of methyl acrylate, 5.0 
equiv of Et 3 N, 0.2 equiv of Pd 2 (dba) 3t , 0.6 equiv of P(o-to<) 3 . OMF, 90 fl C, 12 h, 
80% : (c).1.1 equiv of NaH, THF. 0 °C, 30 min;- then 1.3 equiv of benzyl 
bromides, THF. 0°C, 2 h. 60 - 90%, R-X = methyl iodide, benzyl bromide, 
2-bromobenzyl bromide, 3-bromobenzyf bromide, 4-bromobenzyl bromide, 
4-terf-butyfbenzyl bromide, 3-methoxybenzy( bromide. 3,5-dimethoxybenzyt 
bromide, 3-(trifluromethyl)benzyl bromide, 2-napthyl bromide. 



Solution phase synthesis 0/ derivatives region III * 
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'Reagents and conditions: (a) 4.0 equiv of fert-butyt acryiate, 5.0 equiv of 
Et 3 N, 0.05 equiv of Pd 2 (dba) 3> , 0.15 equiv of P(o-toI) 3 . DMF, 90°C, 12 h, 80%; 
(b) 20% TFA in CH 2 Ct 2 , 25°C. 1 h, 95%. 
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d. SAR of region Iff 
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CH 2 OPh 



>1000 
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Panel a) Highlights of region I SAR. Panel b) Highlights of region li SAR in the bis-cinnimale series. Panel c) Effects of benzopyran substitution. 
Panel d) Highlights of region 111 SAR including rhe bis-rinnamate, styryl and biary! series. Values represent the mean of a! least four experiments. *RE = 
relative efficacy of . the indicated compound at 1jiM to 100 u.M CDCA . 



FIG. 19 



Preparation of bis-cinnamate 105. a 
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-Reagents and conditions: (a) 1.1 equiv of C 8 H„COO 1.3 eq U ,v o 
B3N 0.05 equiv of 4-DMAP, CH 2 Cl 2 . 25'C. 3 h. 95%:(b) 4.0 equiv of 
Jmy. acryiate, 5.0 equiv of Et 3 N. 0.2 equiv of « 
P«Ho.) 3 . DMF, 90-C. 12 h. B0%;(e) 1.1 equiv of NaH THF 0 C 30 
1; then 1.3 equiv of 4-bromobenzy.bromide, THF, 0-C Z K «*M 
4.0 equiv of acryiate. 5.0 equiv of Et 3 N. 0.05 equiv of Pd 2 (dba) 3 , 0.15 
equiv of P(o-tol) 3 . DMF, 90°C. 12 h, 75%. 



Synthesis of region III modifications; cinnamate substitutions. 1 
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129: R = C(0)Me 

'Reagents and conditions: (a) 4.0 equiv of styrene, 5.0 equiv of Et 3 N 0.05 
equiv of Pd 2 (dba) 3 , 0.15 equiv of PfcHol)* DMF, 90'C, 12 h, 65 - 80% ; 
(b) 2.5 equiv of boronic acid. 0.2 equiv of Pd<PPh 3 ) 4 . touiene:MeOH:1 M 
Na 2 C0 3 (10:3:1), 80*C, \2 h. 60 - 80%. 
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^Reagents and conditions: (a) 4.0 equiv of fert-butyl acrylate, 5.0 equiv of Et 3 N, 0.05 
equiv of Pd 2 (dba) 3> , 0.15 equiv of P(o-toJ) 3 . DMF, 90°C. 12 h, 85%;(b) 1.5 equiv of 
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CH 2 CI 2> 25°C, 3 h, 90%; (d) 4.0 equiv of acrytate. 5.0 equiv of Et 3 N, 0.05 equiv of 
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5.0 equiv of B 3 N, 0.05 equiv of Pd 2 (dba) 3> . 0.15 equiv of P(o-tol) 3 . OMF, 90*C, 12 h, 
35 - 80%; (f} 0.05 equiv of Pd/C. H 2 (1 atm). EtOAc, 25*C, 30 min, 100 %. 



Synthesis of acyl group analogs in the bis cinnamaie series.* 
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4-DMAP, CH 2 Ct 2 , 25°C. 1 h, 80 - 95%; (c) 2.0 equiv of ispcyanate, 3.0 equiv 
of Et 3 N, 0.05 equiv of 4-DMAP, CH 2 Ct 2 . 25°C, 1 h f 60 - 80%. 
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^Reagents and conditions: (a) 4.0 equiv of acrylate, 5.0 equiv of Et 3 N, 0.05 
equiv of Pd 2 (dba) 3 , 0.15 e^uiv of P(o-tol) 3 . DMF. 90°C, 12 h, 50 - 80% ; (b) 
20% TFA in CH 2 Ct 2 , 1 h, 25*C, 95%; (c) 1.2 equiv of DCC, 10.0 equiv of 
'PrOH, 0.2 equiv of 4-DMAP, DMF, 25°C. 12 h, 60%; (d) 1.2 equiv o| DCC. 
10.0 equiv of BnOH, 0.2 equiv of 4-DMAP, DMF, 25*C, 12 h, 60%;{e) 4.0 
equiv of alkene, 5.0 equiv of Et 3 N, 0.05 equiv of Pd^dba)^, 0.15 equiv of 
P(o-tol) 3 , DMF. 90*C. 12 h, 35 - 75%; (f) 0.05 equiv of Pd/C, H 2 (1 atm). 
EtOAc. 25 "C, 30 min. 100 %. 



Synthesis of. region il! ring analogs.' 
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a Reagents and conditions: (a) 1.0 equiv of SEM-Cl, 1.2 equiv of Et 3 N, CH 2 Cl 2t 25 °C, 12 h, 75%; (b) 1.05 equiv of Tf 2 0, 1.2 equiv of Et 3 N, CH 2 CI 2 . 
-78*C, 1 h, 95%; (c) 4.0 equiv of fert-butyl acrylate, 5.0 equiv of Et 3 N, 0.05 equiv of Pd 2 (dba) 3 , 0.15 equiv of P(o-tol) 3f 90°C, 12 h, 76%; (d) 1.2 equiv of 
S-27, 0.05 equiv of AcOH, MeOH, 25°C. 1 h; then 1.5 equiv of NaCN8H 3 . 2 h, 80%: (e) 1.2 equiv of CgH^COCt, 1.5 equiv of Et 3 N, 0.05 equiv of 
4-OMAP, CH 2 Ci 2 . 25°C, 4 h. 90%: (0 7.0 equiv of TBAF, THRHMPA (9:1), 55°C, 12h, 65%; (g) 3.0 equiv of Mel, 5.0 equiv of K 2 C0 3 . OMF. 80°C. T2 h. 
90%; (h) 3.0 equiv of BnBr, 5.0 equiv of K 2 C0 3 , DMF, 80°C, 12 h, 65%; (i) 3.0 equiv of BrCH 2 COOEt, 5.0 equiv of K 2 C0 3 , DMF. 80°C, 12 h, 85%; (j) 
3.0 equiv of AcC!, BzCI or MsCt, 5.0 equiv of Et 3 N. CH 2 Q 2 , 25 a C, 2 h. 70-90%. 



FIG. 25 



Solid phase synthesis of focused libraries ol b'iaryl and stilbene cinnamates. 3 




■Reagents and conditions: (a) 2.0 equiv of 168. 1.0 equiv of Merrifield Resin (0.91 mmol/g). 2.0 equiv of Cs 2 C0 3 , 0.5 equiv of TBAl, DMF, 55°C, 24 h; 
(b) 20% TFA in CH 2 CI 2 , 25°C. 1 h; (c) 10.0 equiv of 4-bromobenzaldehyde, 0.05 equiv of AcOH, THF:MeOH (2:1), 25°C, 1 h;. then, 8.0 equiv of 
NaCNBH 3> THFMeOH (2:1), 25°C. 2 h; (<Z) for B 1 COCf: 30.0 equiv of R 1 COCl, 40.0 equiv of Et 3 N, 1.0 equiv of 4-DMAP, CH 2 Cl 2 , 2S°C, 12 h; for 
R^CO, 30.0 equiv of R 1 NCO. 40.0 equiv of Et 3 N, 1.0 equiv of 4-OMAP, DMF, 65°C, 60 h; (e) 8.0 equiv of styrene. 10.0 equiv of Et 3 N, 0.5 equiv of 
Pd 2 (dba) 3t , 1.5 equiv of P(o-tol)3. DMF, 90°C, 48 h; (f) 5.0 equiv of boronic acid, 3.0 equiv Cs 2 C0 3t 0.5 equiv of Pd(PPh 3 ) 4 , OMF, 90°C, 24 h; (g) 
1 0.0 equiv of NaOMe. 5t 2 0:MeOH ( 1 0: 1 ), 25°C, 20 min. 



FIG. 26 




Structures of styrenes and boronic acids used in library construction. See Figure 26 and text for discussion. 



FIG. 27 
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Activities ol stilbene and biaryl series. a RE = relative efficacy o( the indicated compound at 1)iM to tOQ (iM CDCA . 



FIG. 28 



Region tl 




Region I 

Region I: Methyl acryiate or allyfic methyl ether 
necessary for optimum activity. in some 
instances, when other areas were optimized, 
olefin can be removed while retaining some 
potency. 

Region II: Amide or urea essential for maximum 
activity. Aikyf or cyclpalkyl amide or urea affords 
most potent compounds. 

Region III: Must have para-position 
functional ed for activity. Steric bulk and length 
seem to be the most important factors whcih 
govern potency. This region is tolerant of many 
different structural motifs. 



Summary of structural requirements lor 
potent FXR activation. 



NHB. response element Cell based Assay 
FXR/RXR oa a FXEPJE 
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FXR efficacy on a 384 well plate. 



